radiculopathy resulting from intervertebral disc degeneration and chronic back pain. 12, 22 When conservative methods fail to adequately treat these debilitating conditions, surgery is often used to provide symptom relief and improve the patient's quality of life.
Anterior cervical discectomy and fusion (ACDF) is a safe and effective surgical intervention that is commonly used to treat degenerative cervical spine pathology. 10, 21 However, both physicians and hospital systems have expressed concern about the impact of obesity on the outcomes and costs of spinal procedures. Previous studies have demonstrated that obesity is associated with longer operative times and increased blood loss during spinal surgery. 5, 8 Additionally, previous investigations have revealed that obese patients undergoing spinal fusion incur 27% higher costs than nonobese patients, with ACDF specifically reported to have lower cost-effectiveness in morbidly obese patients. 6, 9 Furthermore, concomitant chronic obstructive pulmonary disease and obesity have been correlated with a longer hospital stay and increased hospital charges in women who have undergone ACDF. 17 However, prior investigations have documented no differences in patient-reported outcomes between obese and nonobese patients who have undergone ACDF. 19 While the impact of obesity on outcomes is a common topic in the literature, few studies have specifically analyzed the effect of obesity on a comprehensive set of outcomes including inpatient pain and narcotics use, hospital costs, and postoperative pain for patients who have undergone ACDF procedures.
Improved knowledge of the association between BMI and surgical outcomes may allow for improved patient selection and counseling. Furthermore, investigations into the association between BMI and surgical costs of ACDF may lead to reduced health care expenditures. Therefore, the purpose of this study was to determine if there is an association between BMI and surgical outcomes, postoperative narcotics consumption, complications, and costs for patients who underwent ACDF procedures.
Methods

Patient Population
After obtaining institutional review board approval, we retrospectively reviewed our institution's prospectively maintained surgical registry to identify patients who had undergone primary 1-to 2-level ACDF between 2008 and 2015. Surgical indications included central and foraminal stenosis, degenerative disc disease, and herniated nucleus pulposus. All patients underwent ACDF performed by a single surgeon at our academic institution. Patients were excluded from this study if 2 years had not elapsed since their index procedure or if they had undergone surgery for traumatic etiologies. The study population consisted of consecutive patients with the exception of those removed because of exclusion criteria.
Surgical Technique
The Smith-Robinson approach was used for all procedures, and implanted interbody cages were packed with autograft, allograft, or bone graft substitute. 20 Supplemental plate fixation was used as necessary.
Demographics, Comorbidity, and Clinical Outcomes Analysis
Patients were grouped by BMI category as follows: normal weight (< 25.0 kg/m . Patient demographic and comorbidity information was obtained from the prospectively maintained surgical registry. Of note, the comorbidity burden was expressed as a modified form of the Charlson Comorbidity Index (CCI) with the age component removed. This allowed for the use of both age and CCI as independent variables in the multivariate regression analyses. Neurological examinations had been performed on all patients as part of the preoperative medical evaluation, and all findings were documented. Operative information included the number of operative levels, operative time, intraoperative estimated blood loss, and duration of inpatient stay. Postoperative inpatient narcotics consumption was measured and converted to units of oral morphine equivalents using the conversion methodology described by Gordon et al. 7 Narcotics consumption was expressed as both the total and hourly amounts consumed on postoperative day (POD) 0 and POD 1.
Patients completed the visual analog scale (VAS) questionnaire to assess their perceived level of neck pain at the preoperative, immediate postoperative, and postoperative follow-up time points (6 weeks, 12 weeks, 6 months). The VAS rates pain on a scale of 0 (no pain) to 10 (extreme pain). 25 Other measured outcomes included the inpatient and postoperative complication rates, arthrodesis rates, and reoperation rates. Arthrodesis was defined as the presence of bony bridging on 3 sequential coronal and sagittal sections on CT scans routinely performed at 6 months after surgery. If fusion was not achieved at 6 months postoperatively and the patient was symptomatic at 1 year postoperatively, an additional CT scan was performed. The incidence of reoperation was evaluated for a 2-year period after each index procedure.
Cost Analyses
Direct costs were obtained from our institution's administrative records. Direct costs consisted of hospital charges for blood products, cardiology, emergency room, radiology/imaging, laboratory, nursing unit, intensive care unit, pharmacy, physical/occupational/speech therapy, surgical services, and other. If patients required a revision arthrodesis procedure at the index level, the costs associated with both the primary and the revision surgical encounter were aggregated to determine the total cost of operative therapy for the affected level. Total costs were tabulated and represent the sum of direct and overhead costs.
Statistical Analysis
Statistical analysis was performed using Stata/MP 13.1 for Mac (StataCorp LP). Body mass index category was tested for an association with demographic, comorbidity, and operative characteristics using chi-square analysis or 1-way ANOVA for categorical and continuous variables, respectively. Multivariate linear or Poisson regression with robust error variance was used to determine the presence of an association between BMI category and narcotics utilization, improvement in VAS pain scores, incidence of complications, arthrodesis rates, reoperation rates, and costs. Multivariate analyses were adjusted for patient age, sex, smoking status, diabetes status, modified CCI, and number of operative levels. Statistical significance was set at p < 0.05. Patients with missing data points were excluded from statistical analysis for that particular variable.
Power Analysis
Power analysis revealed the present study has 91% power to detect a difference of $1500 in average total costs between normal/overweight groups (162 patients) and obese I-III groups (115 patients).
Results
Patient Demographics and Operative Characteristics
A total of 302 patients underwent primary 1-to 2-level ACDF in the study period. Twenty-five patients (8.3%) were lost to follow-up; thus, 277 patients were included in this analysis. Among the study patients, 20.9% (58 patients) were normal weight, 37.5% (n = 104) were overweight, 24.9% (n = 69) were obese I, and 16.6% (n = 46) were obese II-III. Table 1 presents data regarding baseline demographic and comorbidity characteristics in the study population. The mean ages of the patients in the higher BMI categories were older than those in the lower categories (normal weight: 49.5 years; overweight: 48.8; obese I: 51.8; and obese II-III: 53.4; p = 0.049). A higher BMI category was also associated with a greater comorbidity burden as measured by modified CCI (normal weight: 1.5; overweight: 1.7; obese I: 1.9; obese II-III: 2.4; p = 0.001). Furthermore, patients with a higher BMI were more likely to be diabetic than those with a lower BMI (normal weight: 2%; overweight: 6%; obese I: 13%; obese II-III: 41%; p < 0.001). There were no statistically significant differences among the BMI groups with regard to sex, smoking status, insurance type, diagnosis, presence of neuropathy, or preoperative VAS neck pain score (p > 0.05 for each). Table 2 presents information regarding operative characteristics. The BMI category was not associated with significant differences in operative time, intraoperative estimated blood loss, duration of inpatient stay, or number of operative levels (p > 0.05 for each). Table 3 presents data regarding inpatient VAS pain scores and narcotics consumption on POD 0 and POD 1. There were no significant differences in postoperative pain among BMI groups on POD 0 or POD 1 (p > 0.05 for each). Additionally, BMI category was not associated with significant differences in daily or hourly narcotics consumption on either POD 0 or POD 1 (p > 0.05 for each). Table 4 presents data regarding postoperative outcomes. There were no differences among the BMI groups in terms of VAS neck pain score improvement at the 6-week, 12-week, or 6-month postoperative time point (p > 0.05 for each). The complication, arthrodesis, and reoperation rates were also similar among the different BMI cohorts (p > 0.05 for each). Complications included urinary retention requiring catheterization (24 cases), reintubation (n = 2), epidural hematoma (n = 1), altered mental status (n = 1), and instrumentation failure (n = 4). Indications for reoperation included pseudarthrosis (9 cases), adjacent-segment degeneration (n = 13), residual stenosis (n = 3), and ossification of the posterior longitudinal ligament (n = 2).
Cost Analyses
Cost analyses are presented in Table 5 . There were no significant differences in total costs among the BMI cohorts (p = 0.965). Upon categorization of total costs, BMI category was associated with average "other" costs (normal weight: $53; overweight: $52; obese I: $61; obese II-III: $132; p = 0.028). There were no significant differences among BMI cohorts for any other individual cost category (p > 0.05 for each).
Discussion
Obesity is an increasingly prevalent public health concern for both patients and medical practitioners. Multiple studies have demonstrated an association between obesity and adverse outcomes following lumbar surgery. 5, 8, 9 However, there is a paucity of literature regarding obesity's influence on anterior cervical surgery. Thus, our purpose in this study was to determine if there is an association between preoperative BMI and outcomes, narcotics utilization, and hospital costs after ACDF procedures.
Results of this study indicated that there are no differences among BMI groups as regards outcomes of ACDF, including pain improvement, complication rate, arthrodesis rate, and reoperation rate. Additionally, there were no differences in immediate postoperative pain or inpatient narcotics consumption among BMI groups. Furthermore, total direct hospital costs were similar regardless of a patient's BMI status. These findings suggest that patients with a higher BMI are not worse surgical candidates for ACDF procedures and that they should be counseled to expect short-term and long-term outcomes similar to those of patients with a lower BMI.
While results of the current study indicated that postoperative pain improvement is similar among BMI groups, the literature has exhibited mixed results. In a study of 299 patients who underwent ACDF, Sielatycki et al. determined that obese and nonobese patients had similar improvements in numeric rating scale (NRS) pain scores up to 1 year postoperatively. 19 Conversely, Auffinger et al. demonstrated that obese patients undergoing anterior or posterior cervical procedures had increased VAS scores at 6 months postoperatively compared with the scores of nonobese patients. 3 However, these authors' inclusion of both anterior and posterior cervical procedures among the study population hinders their ability to make definitive conclusions regarding the effect of BMI on ACDF procedures alone.
In the current study we also determined that a higher BMI was not associated with increased intraoperative or postoperative complications. This result is similar to that of Buerba et al., who performed a study of 4071 patients undergoing cervical fusion procedures. 4 These authors stratified patients into nonobese (18.5-29.9 kg/m (9) 11 (11) 8 (12) 3 (7) 0.968
Values expressed as the mean ± standard deviation or as number of patients (%). * From multivariate Poisson or linear regression adjusted for age, sex, smoking status, diabetes status, modified CCI, and number of operative levels. † Numbers in parentheses represent the number of patients with data for that particular data point analysis. ‡ Complications included urinary retention requiring catheterization (24 cases), reintubation (n = 2), epidural hematoma (n = 1), altered mental status (n = 1), and instrumentation failure (n = 4). § Indications for reoperation included pseudarthrosis (9 cases), adjacent-segment degeneration (n = 13), residual stenosis (n = 3), and ossification of the posterior longitudinal ligament (n = 2). obese patients (≥ 40 kg/m 2 ) exhibited higher complication rates than normal-weight patients after undergoing anterior cervical fusion procedures. 9 The most common complications in these morbidly obese patients were wound and pulmonary in nature. However, it is important to note that the investigation by Kalanithi et al. included only morbidly obese and normal-weight patients and thus does not represent the pattern of complication incidence over the totality of the BMI spectrum.
Rates of arthrodesis and the need for reoperation were also similar across the BMI spectrum in the present study. This suggests that patients, regardless of their BMI status, should be counseled similarly regarding the risks of undergoing an operation subsequent to their index procedure. This finding is in agreement with much of the literature regarding both cervical and lumbar fusion procedures. 8, 14, 23 In a study of 672 patients undergoing ACDF, van Eck et al. determined that the need for revision was not affected by variables such as BMI, age, sex, smoking status, or number of levels fused. 23 Owens et al., utilizing propensity-matched cohorts among 560 lumbar fusion patients with long-term follow-up, demonstrated that the revision rate and time between the index and revision surgeries did not differ among normal-weight, overweight, and obese groups.
14 However, Jiang et al. presented contrasting findings in a meta-analysis of patients undergoing spine surgery, noting that obese patients had higher revision rates than nonobese patients. 8 It is important to note, however, that the majority of revisions in that study were attributable to recurrent disc herniations after decompression procedures without fusion. This may indicate that BMI and body habitus play a different biomechanical role following decompression-only spinal procedures compared with fusion procedures.
Narcotics utilization and pain in the immediate postoperative period is a significant concern after spinal procedures such as ACDF. This concern is magnified in obese patients, who typically have increased comorbidities and a higher risk of obstructive sleep apnea. 1, 15, 18 Thus, these patients often require close monitoring of analgesic intake postoperatively to avoid opioid-induced respiratory depression and other opioid-related adverse events. 15 However, it is imperative to balance the risk of opioid-induced adverse events with adequate analgesia to ensure that patients do not experience complications such as atelectasis and subsequent pneumonia due to pain. 1 The current study demonstrated that patients across the BMI spectrum experience similar levels of postoperative pain and consume similar amounts of narcotic analgesics during their postoperative inpatient stay. A similar result has been demonstrated by Armaghani et al., who determined that BMI was not a risk factor for increased opioid demand in the postanesthesia care unit (PACU) in patients who had undergone elective spinal surgery. 2 These findings suggest that patients with a higher BMI are probably not at risk for excessive opioid intake, and thus postoperative analgesic regimens after ACDF should not be altered based on a patient's BMI. However, narcotics administration will remain an aspect of care that requires constant reevaluation, especially with the advent of new dosing strategies and the increased prevalence of multimodal analgesia protocols.
Another important factor in determining the utility and economic viability of ACDF procedures is the direct hospital costs. Drivers of increased costs can include patient comorbidities, the incidence of postoperative complications, and the length of the hospital stay. 9, 11, 16 The present study demonstrated that total hospital costs were similar among all included BMI groups. This result is not unexpected as our cohort demonstrated no differences in operative time, complication rate, or length of stay according to BMI status. However, these results differ from much of the published literature. 6, 9, 11, 16, 17, 24 In a study of 1082 patients undergoing ACDF, Minhas et al. determined that obesity was associated with a $681 increase in direct hospital costs. 11 Interestingly, these authors found no association between obesity and common cost drivers such as increased hospital stay, complications, or operative time. They postulated that the increased costs may have stemmed from complications requiring more expensive treatment or an increased utilization of surgical supplies in obese patients. Similarly, Puvanesarajah et al. determined that obesity was associated with a $651 increase in Medicare reimbursements in older patients undergoing 1-to 2-level ACDF. 16 The previously mentioned study by Kalanithi et al. also noted that morbidly obese patients incurred higher complication rates and higher direct costs than the normal-weight patients. 9 Because that study only included morbidly obese or normal-weight patients, however, it is unclear whether valid comparisons can be made to studies including patients over more inclusive BMI ranges. Nonetheless, the scope of the literature supports focusing cost-reduction efforts toward complication avoidance and length-of-stay reduction.
This study is not without limitations. First, it was performed with a cohort of patients treated by a single surgeon at a single site. Thus, the generalizability of the data may be limited. Second, we did not separately analyze patients with a BMI > 40 kg/m 2 or patients who had undergone 3-to 4-level procedures since the number of patients in these cohorts was low. This may limit the accuracy of our results in these specific subsets of patients. Third, the retrospective nature of this study may be associated with selection bias. Fourth, information on preoperative narcotics use was unavailable. Thus, we could not determine the effect of tolerance on both inpatient pain and narcotics utilization postoperatively. Fifth, postdischarge narcotics use was not tracked; therefore, we could not quantify the effect of continued analgesic use on postoperative pain scores at the follow-up time points. Sixth, data on additional patientreported outcome measures such as the Neck Disability Index or SF-12 Physical and Mental Composite scores were unavailable for much of this patient population because of survey noncompliance. Similarly, poor compliance with patient-reported outcome surveys at the 1-and 2-year postoperative time points limited our long-term analysis. Thus, patient-reported outcome data were presented up to 6 months postoperatively since compliance was highest at that point. Finally, long-term cost utility could not be determined from hospital charges alone. Further investigation into the long-term cost-effectiveness of ACDF procedures is required to fully elucidate the durability and efficacy of anterior cervical surgery.
Conclusions
As the prevalence of obesity increases, so will the need for surgical treatment of cervical spine pathology in patients with a higher BMI. The most common of these treatments will be ACDF procedures. Therefore, understanding the relationship between BMI and outcomes of ACDF is imperative for patient selection and risk stratification. In this study, patients spanning the entire BMI spectrum exhibited similar postoperative outcomes, narcotics utilization rates, and total direct costs after 1-to 2-level ACDF procedures. Given these results, surgeons should not preclude patients from undergoing ACDF procedures based solely on BMI or body habitus. Additionally, practitioners should not use BMI as a basis for altering postoperative analgesia protocols. Finally, similar postoperative outcomes should be expected regardless of a patient's preoperative BMI status.
